to the water surface. Therefore, Bryde's whales need to target prey close to the sea surface. As the whale treads water, the corners between the upper and lower jaws are slightly below the water line, causing water to flow into the mouth ( Figure 1F ). This behavior is considered efficient for catching prey at the sea surface. Assuming a body length of 10-13 m for these whales, the thrust force to hold the weight of the animal's head (251-446 kg) above the sea surface is 2.5-4.4 kN during tread-water feeding, which is similar to the maximum drag while swimming with an open mouth (2.4-5.3 kN) during lunge feeding [2] . However, the energy cost of treadwater feeding may be much lower than that for lunge feeding because there is no work (force x distance) against drag, although there is energy consumption by treading to hold the body upright. Therefore, tread-water feeding, which is passive feeding behavior, is considered an energy-saving feeding strategy.
In fi sheries around coastal shallow waters, lift net fi shing is used widely as it is an inexpensive and passive means to capture fi sh distributed near the surface of the water [5] ; this approach for catching fi sh distributed at the sea surface, despite physical limitations, shows similarities to the tread-water feeding behavior of Bryde's whales. In contrast, trawl net fi shing is used in deep waters. It is an energy-expensive means of catching fi sh, and is analogous in operation to lunge feeding. The fi sh capture methods of humans and whales thus seem to show convergence.
Although social learning of foraging behavior has been reported in humpback whales [6] , it has not been observed in another rorqual species. Our fi ndings suggest that calves might learn treadwater feeding by imitating adults. Moreover, because imitation is an important aspect of social learning [7] , the tread-water feeding of the adult-calf pairs in this study implies social learning. Cultures are group-typical behavior patterns shared by members of a community that rely on socially learned and transmitted information [8] . Because tread-water feeding has never been observed in Bryde's whales in any other area [9, 10] , and the whales show a grouptypical behavior pattern in the upper Gulf of Thailand, we speculate that this feeding pattern might be a cultural behavior. Lead Contact. *E-mail: iwatatakashi@gmail.com measured the duration of feeding events when the whales had a wide-open mouth mostly above the sea surface. The mean and maximum feeding durations were 14.5 ± 5.4 (SD; n = 58 events) and 32 s, respectively. Deployment of animal-borne data loggers yielded approximately 44 minutes of recordings from a single whale. The acceleration data showed that stroke rates, including tail beat and whole-body movements during feeding, were faster (approximately 0.7 s cycle) than during a cruising swim (approximately 3 s cycle) ( Figure 1G ). The swimming speed was lower than that in the stall speed (0.2 m s -1 ) of the device during the feeding phase, suggesting that thrust force was used to hold the head up and to stabilize body posture ( Figure 1G ). Stable positioning using the fl uke and fl ipper was confi rmed by video data for both the downward and upward direction of the whale ( Figure S1 ). According to the visual and behavioral data, we named the head-lifting feeding as 'tread-water feeding'. Generally, all species of baleen whale, including rorqual whales, show active chasing and feeding, i.e., skimming, suction, and engulfi ng with lunging [1] . Tread-water feeding is considered passive feeding as compared with other feeding behaviors because the whales do not swim forward in pursuit of prey during the period from mouth opening to closing, and although they need thrust force to stabilize their posture, the head does not actively move. To the best of our knowledge, this discovery of tread-water feeding in Bryde's whales represents the fi rst report of passive feeding in baleen whales, which indicates their fl exible capacity to modify their foraging strategy in relation to variable environments.
SUPPLEMENTAL INFORMATION
The adoption of this behavior at this location might be owing to the oceanographic characteristics and the behavior of the prey species. The upper Gulf of Thailand is a hypoxic environment, except at the surface layer, because of the eutrophication caused by fresh water from several large rivers with considerable outflow of sewage into the sea [4] . This eutrophication may limit prey species behind the dorsal fi n. Third panel: swimming speed. Swimming speeds slower than the stall speed of 0.2 m s -1 are not shown. Fourth panel: longitudinal dynamic acceleration along the body axis, which indicates the stroking movement. Bottom panel: behavioral spectra of longitudinal acceleration. The whale apparently lifted its head almost completely out of the water to feed. The acceleration signals of short (approximately 0.7 seconds) cycles were recorded when the whale lifted its head.
